The objective of this study was to examine the effect of primers on seed quality parameters using different starting values of germination. For this purpose, ten soybean lines selected at the Institute of Field and Vegetable Crops, Novi Sad were evaluated. The starting values of germination ranged between 48% and 89%. Seeds were surface sterilized with 3% sodium hypochlorite and immersed in different primers: 1% potassium nitrate, 1% potassium chloride and 1% hydrogen peroxide. Untreated seeds were used as the control. The obtained results revealed that the effects of priming depended on soybean line and treatment, whereas the efficiency of this pre-sowing treatment was not affected by the starting value of seed germination. Some lines responded favorably to immersion, while in others priming had an inhibitory effect, causing a significant decrease in germination. There was an increase in germination up to 12% or a decrease up to 11%, depending on line and treatment. Lines that were positively affected by this method also exhibited increased values for other germination parameters: mean germination time (MGT) and time to 50% germination (T50). Lower values of MGT and T50 were observed in lines which showed a negative response to priming and a decrease in germination, but also a more rapid radicle protrusion, as compared to the control.
Introduction
Seed priming is a pre-sowing treatment which was used in Ancient Greece in the 4 th century BC, when Theophrastus soaked seeds of cucumber in milk or water so as to cause early germination and obtain better seed vigor (Evenari, 1984) . Today, seed priming is a cheap and simple pre-sowing treatment, primarily applied in developing countries (Harris et al., 2001) or by agricultural producers who are unable to use expensive and complex methods (Ozdemir, 2012) . Priming improves seed viability, synchronizes and accelerates germination and sprouting, increases stress resistance and antioxidant activity, and improves plant productivity and growth (McDonald, 2000) .
Priming occurs in three stages. Stage I includes mitochondrial DNA repair and protein synthesis by using the existing RNA, in which seeds absorb a large amount of water (Hussian et al., 2014) . Mitochondria and proteins are synthesized during stage II, when supplies, such as proteins, fats and lipids, turn into compounds necessary for germination, and seeds absorb small amounts of water (Bray, 1995) .
Stage III involves completion of the germination process and seedling growth, accompanied by a sudden increase in water absorption (Hussian et al., 2014) .
As found by Harris (2006) in a study covering a large number of crop producers, priming increased yields of major crops. The increase varied depending on crop and country i.e. agroenvironmental conditions. Yield of mountain rice increased by 10-113%, chickpea by 40%, wheat by 5-35%, and corn by 29% (Harris, 2006) .
The success of seed priming depends on a number of factors, including plant species, water potential of primer, duration, temperature, seed vigor, dehydration, and storage conditions for primed seeds (Parera and Cantliffe, 1994) .
The aim of the research was to examine the effect of priming on seed quality parameters with different starting values of germination.
Material and Methods
Experiments were conducted at the laboratory of the Institute of Field and Vegetable Crops, Novi Sad in 2016. A factorial experiment using seeds of ten soybean lines: L1 (NS-L-220412), L2 (NS-L-400094), L3 (NS-L-220444), L4 (NS-L-210390), L5 (NS-L-410059), L6 (NS-L-201456), L7 (NS-L-200453), L8 (NS-L-401097), L9 (NS-L-420074) and L10 (NS-L-210457) was laid out in a completely randomized design with three replications. Seed germination of the lines ranged from 48% to 89%. Seeds were surface sterilized with 3% solution of sodium hypochlorite, and thereafter soaked in different primers: KNO 3 (1%), KCl (1%), and H 2 O 2 (1%). The duration of priming was 6 h (Miladinov et al. 2015) . Seeds were removed at the same time, the surplus of water was carefully removed using a paper toweand seeds were dried to 12-14% moisture. One hundred seeds were placed evenly on sterilized filter paper in 90 mm diameter Petri dishes, and treated with a 10 ml water solution. Petri dishes were closed to prevent moisture loss and avoid contamination, placed in a germination chamber and kept at 25 °C for 8 days. Seed germination was monitored daily, and radicle protrusion of more than 2 mm was scored as germination. The following parameters were calculated after 8 days:
• Total germination (TG) was measured on the seventh day using the formula TG (%)= (total number of germinated seeds/ total seed) x 100 (ISTA 2009).
• Mean germination time (MGT) was calculated by the formula of Ellis and Roberts (1981) .
MGT= Σ (ni/di). With ni: number of germinated seeds and di: day of counting.
• Time to 50% germination (T50) was determined using the formula of Coolbear et al. (1984 ) modified by Farooq et al. (2005 :
where N is the final number of germinating seeds, nj and ni are the cumulative number of seeds germinated at times t j and t i , respectively, when ni˂N/2˂ni. All data were subjected to an analysis of variance using STATISTICA software, and differences between means were compared by Duncan's test (P<0.05).
Results and Discussion
Apart from yield and chemical composition of seed, seed quality is also important from the viewpoint of seed production. For selected soybean lines, germination ranged from 47% to 89%, as a result of low amounts of rainfall during the critical periods of soybean development. The decrease in seed quality is the main problem in plant production (Dourado and Roberts, 1984) . Production technology uses various procedures for seed quality improvement. The applied treatments aim to improve seed germination and other seed qualities. They can reduce the effects of seed aging, as well as the negative effects of various stress factors. The mechanism of these procedures is appropriate for certain species and specific for each species (Lekić, 2003) . Seed priming is a common method of seed quality improvement.
As shown by the results, the efficiency of this method depends on lines and treatments, with some lines exhibiting a positive response to the pre-sowing treatment and improved values of all the examined quality parameters. Priming was a suitable method for seed quality improvement in these lines ( Figure 1) . The average increase in germination ranged from 1-9% , and higher values for MGT and T50 were observed compared to the control. Large differences in primer efficiency were determined in some lines. For example, hydrogen peroxide increased germination in line L3 by 1%, whereas a 12% increase was observed after priming with potassium chloride. Lines L8 and L10 had a positive response to all solutions, which increased their germination by 6-11% and 4-7%, respectively. The use of primers can also have an adverse damaging effect on seed quality. . Two lines exhibited a strong negative response to this presowing treatment. The observed decrease in germination was 5-11% and 9-11% in lines L4 and L6, respectively. All primers had a positive effect on MGT and T50, regardless of the effect on seed germination. These parameters were lower in lines with a negative response to seed priming, but they exhibited a higher rate of radicle emergence compared to the control. Lines L9 and L10 had the highest values of MGT and T50. MGT values were 2.43 and 2.33, and T50 values 1.57 and 1.60, respectively (Figures 2 and 3 ) . Using wheat as an example, Dezfuli (2008) found that the effect of primers on germination greatly depends on genotype. Miladinov et al. (2014) confirmed different responses to priming in seeds of the same genotype but from different seed lots. Seed quality increase depends on the degree of damage, while an increase in germination energy can be obtained by soaking seeds in specific solutions (Wattanakulpakin et al., 2012) . Some solutions can trigger biological activity and improve germination capacity (Schopfer et al., 2001) . Priming lowvigor soybean seed improves its germination (Wartidningsih et al., 1994) . Priming accelerates germination and promotes initial growth and development (Ahmad et al., 2013) . Initial seed quality had no influence on priming effects. Germination in L1 was increased by 5% at the lowest starting values of this parameter (47% i.e. 48%), while a reduction in seed quality occurred in other lines. Reaction between lines was observed in L3 and L4. Germination increased by 8% in line L3, while it decreased by 8% in L4. Starting germination values were not significant for MGT and T50. For example, MGT was 2.97 and 4.48, and T50 2.07 and 2.72 in lines L3 and L4, respectively. Priming with potassium nitrate was the most efficient, with a positive effect on ten lines. The increase ranged between 1 and 12%. No significant change occurred at the lowest starting values. Germination was increased by 2% in L1 and by 1% in L2. At the starting value of 58%, germination increased or decreased by 11%. Quality increased with increasing starting values of germination, depending on line. Germination increased by 2% and 4% at 89%. Therefore, priming with potassium nitrate was not dependent on the starting value of germination, but rather on soybean line, as also observed for the germination parameters MGT and T50. Although priming with potassium nitrate had the best results in terms of seed germination, it also had a lower effect on MGT compared to priming with potassium chloride and hydrogen peroxide. MGT ranged from 2.33 to 4.70. A positive response was observed in lines showing a significant increase in germination, including those in which no effect on seed germination occurred. T50 improved after treatment with this primer. Unlike MGT, this primer proved most effective in improving T50 values, which ranged from 1.41 to 2.84. Priming with potassium nitrate has long been used for seed quality improvement in many plant species (McDonald, 2000) . The use of this primer was effective for seed germination in soybean (Mohammadi, 2009) , onion (Arin et al., 2011) , bean (Umair et al., 2010) , rapeseed (Mohammadi and Amiri, 2010) , and gladiolus (Ramazan et al., 2010) . This treatment had positive effects on seed vigor in rapeseed (Mohammadi and Amiri, 2010) , seedling growth and germination index in low-germination sunflower (Singh and Rao 1993) , dry matter content in seedlings, and seed vigor in soybean sown in late spring (Mohammadi, 2009 ). Nascimento et al. (2004) reported increases in the germination percentage and vigor of melon seeds under varied temperature regimes and subjected to potassium nitrate treatment. Miladinov et al. (2014) confirmed that the use of potassium nitrate in the crop sown in late spring has a positive effect on soybean seed germination. Rapid germination and root development improve survival chances as the result of better contact with deeper soil layers and better moisture absorption by these plants (Livingston and de Jong, 1990) . The positive effect of potassium nitrate is attributed to the effect of higher nitrate levels (Benech-Arnold et al., 2000) , better water and oxygen permeability (Baskin et al., 2000) and earlier nutrient mobilization (Bewley, 1997) .
The potassium chloride solution had stronger effects, both positive and negative, compared to potassium nitrate. Germination increased by 11% or decreased by 1% at the starting germination values of 47% and 48%. The increase in the starting value of germination by 10% resulted in a 12% increase and a 9% decrease in germination. Priming seeds exhibiting 79% and 89% germination did not reduce germination in lines L7 and L9, as it only affected the quality parameters MGT and T50. MGT values were improved in all lines, regardless of the effects of the treatment on seed germination and starting value of germination. The effects depended on soybean line. The average value of MGT was 3.39, ranging from 2.25-4.30, and 5.41-6.18 in the control. Treatment with potassium chloride had the lowest effect on T50, with the average values of 2.32 and 3.19 in unprimed seeds. Priming with potassium chloride does not depend on the starting values of seed germination but only on soybean line, as observed through the germination parameters MGT and T50. Potassium chloride is the most widespread source of available potassium (Fixen, 1993) . It is used by grasses for the improvement of germination, sprouting and initial growth (Mista and Dwivedi, 1980) . Priming onion seeds with potassium chloride solutions has better effects on seed germination as compared to control (Arin et al., 2011) . This results from metabolic processes or osmotic adjustment (Bray et al., 1989) . Priming seeds with potassium solutions improves potassium use efficiency in plants (Al-Mudaris and Jutzi, 1999) . Potassium is important for certain enzymes (Taiz and Zeiger, 2006) , as it increases their activity and neutralizes the negative effects of free radicals (Hu and Schmidhalte, 2005) . This pre-sowing treatment led to an increase in germination by means of reduction in lipid peroxidation and improvement of antioxidant activity (Parmoon, 2013) .
Hydrogen peroxide was the least effective in increasing the seed germination percentage in soybean. Positive effects were observed in four lines, in which germination increased by 1-10%. No response and no change in germination were observed in lines L7 and L9. Priming with hydrogen peroxide had an inhibitory effect on the germination of four lines, as it reduced their values by 2-10%.Some lines responded positively to primers containing potassium salts, but hydrogen peroxide had negative or low effects on germination. Germination decreased in line L5 by 4%, while potassium salts improved seed germination by 4% and 12%. Although seed quality was least affected by hydrogen peroxide, this treatment gave the highest value of MGT compared to the other treatments.
The average value of this quality parameter was 3.21, which was 2.50 lower than in the control. When lines are observed individually, MGT values ranged between 2.00 and 4.45. Favorable effects were obtained for T50, which averaged 2.24 in the range of 1.30-2.81. In conclusion, potassium chloride used as a primer does not depend on the initial value of seed germination, but only on soybean line, as evidenced by the germination parameters MGT and T50. It was proved that the exogenous application of hydrogen peroxide can improve seed germination in dormant and non-dormant seeds (Bahin et al., 2011) . In addition to an increase in seed germination, a positive effect was also observed for MGT and T50 in sunflower (Wahid et al., 2008) . Moreover, the positive effect of this primer was observed under conditions unfavorable for germination. Wahid et al. (2007) determined that hydrogen peroxide increases germination and germination index in wheat grown on saline soils (Wahid et al., 2007) . The use of hydrogen peroxide solution stimulates seed germination and vigor in wheat, due to increased peroxidase activity (Liheng et al., 2009) . Hydrogen peroxide enhances seed quality in safflower, as it oxidizes germination inhibitors in the seed coat, thus improving germination (Dolatabadian et al., 2008) .
Conclusion
Priming effects depend on line and treatment, whereas the starting germination values were not significant for the efficiency of this pre-sowing treatment.
A positive response to soaking was observed in some lines, while others exhibited an inhibitory response, with significantly reduced germination values.
All primers had a positive effect on the germination parameters MGT and T50. Lower values of these germination parameters were observed in lines which had a negative response to priming, compared to lines with improved germination, but they also had a more rapid radicle protrusion compared to the control.
In conclusion, there is no universal applicability of one single primer as it might trigger a negative response in some lines and cause reduced seed germination.
